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PURPOSE:To prevent the deterioration of a system through put by storing data in one of disk caches at 
the time of transmitting the data stored in a storage device to a channel. 

CONSTITUTION:The disk cache is divided into a cache 1-329 and a cache 2-330, and at the time of 
reading the data from a magnetic disk device(DKU) 334, the data are stored in one cache 2-330. Thus, 
even at the time of the occurrence of a fault at the cache 1-329 the reading of the data can be executed 
from the cache 2-330 afterwards. And also, at the time of the occurrence of the fault at the cache 2-330, 
the data are reduced from the cache, the next reading is executed from the DKU 334, and the read data 
are transmitted to a channel device(CHA) 302 and the existing cache 1-329, and stored. At that time, 
almost the half(average value) of the entire data are stored in one of the caches 329 and 330, and the 
data transfer between the CHA and the cache can be attained. 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Industrial Application Field] The present invention 
relates to, in a disk control system equipped with a disk 
cache memory, an arrangement of a disk cache and a method 
of storing data through the use of a plurality of disk 
caches . 
[0002] 

[Description of Related Art] The following technique has 
been known as a conventional technique. FIG. 2 is an 
illustration of an example of an arrangement of a 
conventional system. 

[0003] The system is made up of a central processing unit 
101, channel devices (each of which hereinafter will be 
referred to shortly as a M CHA") 102 to 109, a disk control 
unit (which hereinafter will be referred to shortly as 
a"DKC") 110, and a magnetic disk device (which hereinafter 
will be referred to shortly as a "DKU") 131. 
[0004] In the DKC 110, microprocessors 1 (which 
hereinafter will be referred to shortly as "MP1") 112 to 
119 are connected which conduct the processing on channel 
switches 111/ 120 and the CHAs 102 to 109, and 
microprocessors 2 (which hereinafter will be referred to 
shortly as "MP2") for controlling the DKU 131, a disk cache 
(which hereinafter will be referred to shortly as a 
"cache") 129 a battery-backup non-volatile memory (which 
hereinafter will be referred to shortly as an "NVS") 128 
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are connected to the MP1 . In the illustration, dotted 
lines 121 to 123 denote a power supply region. 
[0005] The NVS 128 is for storing data at the occurrence 
of a writing instruction (which hereinafter will be 
referred to shortly as "WR processing" ) froma host device. 
The MP2 (124 to 127) writes the data of the NVS 128 in 
the DKU 131 at the occurrence of a trouble of the cache 
129 or after the re-start of the system. 
[0006] The data flow in this system is as follows. 
[0007] Let it be assumed that a processing request from 
the central processing unit 101 is implemented via the 
CHA 102 and the channel switch 111 with respect to the 
MP1 (112) . 

[0008] At the occurrence of a readout instruction (which 
hereinafter will be referred to shortly as "RD processing" ) 
from the host device, the MP 1 (112) makes a decision as 
to whether or not the target data exists in the cache 129. 
If the data does not exist in the cache 12 9, the RD processing 
is conducted with respect to the DKU 131 and this data 
is simultaneously transferred to the CHA 102 and the cache 
129. 

[0009] In a case in which this data exists in the cache 
129, the RD processing is not conducted with respect to 
the DKU 131, but the data in the cache 129 is transferred 
to the CHA 102. If the data exists in the cache 129, the 
time for positioning of the DKU 131 and the like become 
unnecessary, and because of no dependence on the 
performance of the DKU 131, the transfer speed becomes 
high, thus achieving the speed increase. 
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[0010] A concrete example is shown in FIG, 3. FIG. 3 
is an illustration of a track format of the DKU 131 . Index 
markers 201 and 202 exist on a track, and represent a start 
point and an end point, respectively. On the track, data 
are stored in the form of data A to D 203 to 206. In a 
case in which the data A 203 is read out through the RD 
processing (naturally, the RD processing has not been 
conductedpreviously with respect to this track) , although 
the data A 203 is transferred to the CHA 102 and the cache 
129 and the MP 1 (112) then informs the CHA 102 of the 
completion, the data B to D 204 to 206 (all the data before 
the index marker 202) after this data are sent to the cache 
129 to be stored in the cache 129. This is a function 
to successively store data in the cache in range from the 
processed track to several tracks ahead so that the target 
data always exists in the cache at the RD processing on 
the subsequent tracks . Accordingly, in the RD processing 
on the data subsequent to the data A203 after this operation, 
the data in the cache 129 is transferred to the CHA 102, 
thus improving the system throughput. 

[0011] There are a method in which the data is directly 
written in the DKU 131 at the RD processing and a method 
in which the data is written in the cache 129 and the 
completion is notified to the CHA 102 at this time and, 
following this, the data is written in the DKU 131 in an 
asynchronous relation to the host device. In the case 
of the latter method, since the DKU 131 dose not undergo 
the processing during the connection with the CHA 102, 
the time for the positioning and the like becomes 
unnecessary, thereby shortening the response time to the 
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host device accordingly. However, usually, the cache 129 
is not backed up by the battery and, if a trouble occurs 
in the cache 129, the data written can disappear. The 
NVS 128 is provided in order to prevent this . The writing 
data from the host device is stored in the cache 129 and 
further in the NVS 128, thereby keeping the data even if 
a trouble occurs in the cache 129 or even at the power-off. 
At the power-on after the power supply disconnection, the 
data in the NVS 128 can be transferred to the DKU 131. 
[0012] In the case of a system which conducts the WR 
processing frequently, it is considered that the NVS 128 
falls into a full condition. At this time, it stands ready 
to the RD processing from the host device and waits until 
a free area appears in the NVS 128, and then resumes the 
operation. Therefore, the system performance lowers 
after the NVS 128 falls into a full state. 
[0013] In a case in which a trouble occurs in the cache 
129, under an environment of 24-hours operation, the cache 
129 is closed and an object such as package exchange is 
conducted. The cache 129 cannot be used during this time, 
and all the processing from the CHA 102 are conducted 
directly with respect to the DKU 131. This lowers the 
processing speed. Moreover, also restoration of the 
cache 129, the performance extremely degrades until the 
data is accumulated in the cache 129. 
[0014] The technique disclosed in Japanese Patent 
Laid-Open No. HEI 2-90313 is such that a selection standard 
for a storage path in a disk control unit is prepared and 
a storage path which is in an non-used condition (the 
processing is not conducted yet) is used preferentially 
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to increase the using frequency of a disk cache for 
realizing the processing speed increase. In the 
arrangement disclosed in this well-known example, in a 
case in which a trouble occurs in the disk cache, the fast 
data transfer using the disk cache becomes completely 
impossible . 
[0015] 

[Problems to be Resolved by the Invention] In the case 
of the above-mentioned conventional techniques, after the 
non-volatile memory and NVS, backed up by a battery , reach 
the full condition, the system performance degrades. 

[0016] Moreover, during a time period from when a trouble 
occurs in the disk cache until the exchange and restoration 
of the cache memory which is in trouble, the effects of 
the disk cache disappear and the system throughput lowers 
extremely. In addition, also after the power-on is again 
made, since the accumulation of the data in the disk cache 
is made from the beginning, the system throughput drops 
during this time. 

[0017] Therefore, the present invention has been 
developed in order to remove these problems, and the 
present invention provides, in a storage system including 
a disk cache mounted disk control unit, a disk cache control 
method suitable for preventing the drop of the system 
throughput . 

[0018] 

[Means for Resolving the Problems] A plurality of disk 
caches, divided, are provided in a disk cache mounted disk 
control unit. The data transfer paths for the plurality 
of disk caches are placed independently. Moreover, each 
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of the disk caches is battery-backed up, and independent 
power supply lines are placed with respect to these disk 
caches . 

[0019] The readout data from a storage unit is stored 
in an arbitrary one of the disk caches and writing data 
in the storage unit is likewise stored in arbitrary two 
of the disk caches for duplexing. 



6 



U9>b*wmw (jp) (12) Q ^ 4^ =^ ^ $g (a) 



(ll)1MWM»MI»^ 

#M¥5- 189314 

(43) £Bi B ?^c5¥ (1993) 7 /! 30 B 



(51) IntCI. 6 ^S»JIE^ fffoWM&n F I Sffi^ffiW 

G 0 6 F 12/08 3 2 0 7232- 5B 

3/06 3 0 4 E 7165-5B 

12/08 J 7232 - 5 B 

G 1 1 B 20/10 D 7923-5D 



(2l)fflg|#*t 


ftgi¥4-1279 




000005108 










(22)fflSiB 


¥^4^(1992) 1 ^80 










(72) wn* 










»*;iiift/jNBaiRmHi&»288o#«*a*tt 








Bft»fft»/J*fflKX«rt 






(72) 










««;ii*/hBaJBmBiiff»288o#tfi«ca;^a 








HfiatfBJf^fflJKX»rt 
























Bft»fP3f/hHJHX»rt 






(74) fta a 


/Mil I8J§ 








JKRHlctt< 



(54) [*9!a>*»] T^x^*t^>aM»#a; 



(57) km 




—117— 



1 

if*« 5r A K*3 V> T. 

[0 0 0 1] 

-*©Ett*a;fcBrr*. 

[0 0 0 2] 

[0 0 0 3] '>XTAtttftjBlSfilOh ^*r*)V 

mm (£(T rcHAj tie*-*-*. ) 102-109, 
Tjxpmmmw tdkcj t^ts a > 1 1 

0, wiaf^x^sg (jkt tdkuj 
*o ) 1 3 1 *o«*2n*. 

[0004] DKC1 10H, ^tW-fy^l 1 

1, 120£CHA102— 109 LCDWM&fto^-l 

^nyn-fe^itl (J^T TMPlj tii&irrso ) 1 1 

2-119 fimffiZtlT^T* D KU 1 3 1 CDfcfflJ^fr 
-5-7-r^P>^n-fey-y-2 (JS4T r i MP2j «hB§#-T 

So ) ^f>fX^ + ^7ya (&T r^y^j 

) 129t, AyfU-Z^^Jy^nW 
»5Sfc;*ty C^T TNVSJ tBMfrfS. ) 12 8^ 
MP 1 t»8$lli^$n5. 0*^»1 2 1-12 3 

[0005] NVS12 8li±fiSB^eo»$5i** 

T5t)<OTfeSo MP 2 (1 2 4-1 2 7) ^^v-ol 
1 2 9p§J»if* Xtt^^-rAIIS&lftft. NVS12 8C0 
r-^^DKU 13 1 K#€f&ty. 
[0 0 0 6] ^vX^ACD^-^CDi^n^TcDch^O 

-e&s 0 

[0 0 0 7] ff^^gl 0 C 
HA 1 0 2 > 5F**JUX-f y^l 1 l^LTMP 1 

(112) {^bfr^nst-rs. 

[0 0 0 8] ±ffi«B^6©K^fflL*«Wr (K» Tr 
Dffl3U ^USSM"*. ) lCH MP 1 (112) fcMr* 
y->a. 1 2 QrtlcBWOx-^^Sft-TS^S^Wfe-r 
So *fy:>a.l 2 9 rtK^-^riffipftUft^*^ D 



(2) >&§{§¥5- i 8 9 3 1 4 

2 

KU1 3 I'NMLRDgUl^ff^ ^ir-^^CHA 

1 0 2 y yal29 ^H«p^R3ITS. 

[0 0 0 9] ^K^-^^^ 5/ isoi 1 2 9 rtKSft-T 
DKU13 1^<DRDjBIttfT«:t)f, 
1 2 9rt0T-^^CHA 1 0 2^n„ =fr* 
yz/zj. 1 2 9ftlC5*— #)WfiFfiEt"tltf, DKU 13 1© 

&m&:tbmm&&^mtuK>* xdkui 3 io&miz 

10 [0 0 10] I#M*H3S1HT*T. 0 3«DKU 
13 10h77^7*-77hT*^, h^^-hfctt 
^f>fy^XV-*2 0 1, 2 0 2*ffelK h5y^O 

2 0 3-2 0 6 £^-pJ£"eEtS£ftT^S. RDj^SC 

J:DT-^A2 0 3*B*fflt«6 (M*«k J^mrtt^ 
h77^^0)RDM15:fToT^K ) 5*— ^A2 0 
3&CHA102, ^t7V^al2 9^fei£U ^<D& 
MP1 (1 1 2) IJCHA 1 0 2fc»LI»T*ftSff5- 
^t^ya 1 2 9fC«^^5 :r -^^<Z)5 ; ~^B- 
30 D204 — 206 (Oxy^XT-* 2 0 2I©t- 
^£T) ^^^>zl1 2 9ft^E»***. £ 

till «L3ffi^ffofch^y^^6»h^y^5fe*T*« 

S*flct-S$tt£T&So 9* ^tMmftcc^-- 

^A2 0 3^»CDr-^ORDjBim 

2 9^r-^^CHA 1 0 2i:fi@lt<5i:tta:r)y 

[0 0 11] WRfflffll^ iljlDKU 1 3 1 fcx— 
30 *ty5^a 1 2 9 rtt;:^- 

iiowjA-ecHA i o 2\z»Tm&&m* j £oy&± 

ttSSttt*H»!i:DKUi 3 1^— 

CHA10 2t^4'l:DK 

ui 3 i£ftjgL/&t»». ftsm**<oR*lWflt;Fgfc 
So L*>U 1 2 9tt/tyr , J- Ayj^ 

5^t:NVS 1 2 8£ffl*LWS. 
40 ^&^-^£^!y>'^ 12 9 ch^trNVS 1 2 8 K 
Et&21*S„ ^n^O^yv-o. 1 2 9C»t^»4 

«KK«<B«JE«A«fcNVS 1 2 8f*9CD^-^£DK 
Ul 3 

[0 0 12] WRffli©^yXfATONVS 1 2 8 

a<^j*£&s^fc^&<*ns. ^co(j#, ±tt»e^e 

0WRjiai$-^$t, NVS 1 2 8l:$tX'J7 
#T£S£Tf#^ J t(D'&mmtS-&Z>o £0O£k NVS 

50 [0013] ^t7'>^129 fcl»«*t38£Ufc«'&, 



—118— 



(3) 

3 

H«fflT€rr, CHA 1 0 2d^©MIliiTDKU 1 

3 1 \z#\sT\g.mftoz:£tuz>o zm?\tmwmm& 

iTtS. X, ^yS'a 1 2 9^[«J^Lfe^t>^^!y 

i/a. i 2 9rtic^-^^s«^ns*-eora, tte*^F 
co o i 4] ^ra^2 - 9031 zmzmmvtk'&'v 

'✓acDttjflMsift «s©*»fc**sbT^s. 

[0 0 15] 

f U - Ay ^77 ^^ni^J^^ ^ U , NVStf* 
[0 0 16] ^ 7^xnt'r>al:RlimL 20 

[0 0 17] fCT««licn5©Bi*»*«& 
^JC^^nfcfcCDT, 7 s >f X^**y>'JL£$SfSbfc5 s 

AXJW^7 hofiTSSSC&ftl:**^ + 1 

[0 0 18] 

ft5fc#b»ftbfc«s^>r>£B<. 

[0 0 19] fittftJB^^OR^ttJU^-^tt. 
^x^^vy^ottjKoirJKEift^-a-, E1tg*B 

V S/afcEBlStf 2 Sfti-*. 
[0 0 2 0] 

£&3o X, W$&^-?\ZtJ XZ^r^yz/^PHZ 
[0 0 2 1] £0)81;:^ X^^-v y ya^SWCH 



#H¥5-l 8 9 3 14 

4 

z3.<o i ^KBsaiss&brfeTV x*** 

[0 0 2 2] 

[0 0 2 3] HI i»!R9IK:«lt«ldkM0E>^X^/ai 

tTS. (^A">'>3.1 (3 2 9) . ^^^yv-^2 (3 
30)) MP1 (312 — 319) , MP 2 (3 2 5- 
3 2 8) t^rWisa. 1 (3 2 9) % (3 
3 0) IBtt*ry^a*ttfc/tX*R»*. X> 
->al (3 2 9) , t^y>a2 (3 3 0) CA^rU 
-3 3 1, 3 3 2 ^tAyT'J-A.^7y^tT 

v^-So «s««3 21-32 4mmznm&&%rrz>. 

[0 0 2 4] n9Bt&fem^H«(c4>jfe«HttB3 0 
1, CHA 3 0 2, ^*;VX-T 773 11, MP 1 

(3 12) fc^DfflS&frS. DKU3 3 4(D«»1M 
P 2 (3 2 5) Tf?5. 

[0 0 2 5] IttKI^&ORDAM, MP 1 (3 1 
2) (3 2 9, 3 3 0) 

**R&&» (X«WRMS) »mt7*>a^ 
CCTO+t7ya2 (3 3 0) ^"T^c ) tC^-* 
J&*#ffi"Tftfcf, ^^:y 5^2 (3 3 0) «£9CHA3 0 
2^-^— 5rC&€fr5. ^7'>al (3 2 9) , 
7'>a2 (3 3 0) ftlCSftT*— ^rt^ffibfcUli^, 
DKU3 3 4J;r)7^^aiLCHA 3 0 2^4ES 
DKU3 3 4«kDr^*tefflt»> tfefcOg 
BtraajC^^y^alC^-^^EttS^Sdt, CIO 

»MP 2 (3 2 5) tMt^>, *«TI4+ty^a2 

(3 3 0) t^-^SEftb^t-r*. 

[0 0 2 6] t>U ^v^al (3 2 9) KRVftPX 
^LTt>7-^tt^t7^2 (3 3 0) {^Ett^ftT 
P;Plil7-3'©Ml^t7ya2 (3 
3 0) J:Df?-5 2:£:**T**. 

[0 0 2 7] ^-vy^aL2 (3 3 0) t£»*atfg£bfc 

5fclaI©»*abttDKU3 3 4cfcDfT^c KMUb&T* 
-^SCHA 3 0 2 ti#LTV^4rt7ya 1 (3 2 

9) fc»&ftE*aft*. 

[0 0 2 8] 2»W$ftfc*r (3 2 9, 3 3 

0) <D—jj\Z\t, *r yS/aKWlW^r-***© 
ttl/2 ffiSffi) jWMfi*ftT*D, 

->3.«cBS*t»*bT'b + ^y^a«S*tt-KP^:&SA 
V>o (»l/2t«. ) Bg£U$G>«lJl (^-^©S 



—119— 



(4) 



4*B!¥5-1 8 9 3 1 4 



6 



[0 0 2 9] WRW, R3iT-^$2^t r > 
(3 2 9, 3 3 0) ICi5fi$^ MP 1 (3 1 2) 
CHA3 0 2^»7«*£fr5. DKU3 3 4^1 ^ 
O&MP 2 (3 2 5) ^J:fegSt»l^iHf-^© 
##&#.£fT5o 2^0)^^^->zl (3 2 9, 3 3 0) 

[0 0 3 0] ^tyy^l (3.2 9) , ^^^^^2 
(3 3 0) 1:^7X^-3 3 1, 3 3 2$ffi»AyT'J 
-A7^77^n:i:l:i;0, ^XxA£#it « 

7s"Tlx7.)V-7y b(Dfa±&m%^ „ X, $ 

[0 0 3 1] #SMfi«fc£nK£ 
Wtfi I, X * v y >- ^. fern £ if n £ T £ £ <L 75: < ffl 
31^fTT^, X®g*tf)OFF, ONfi^e^*?^ 

±fc3l*aUfc«W«fx5C:a:««T?**. 
[0 0 3 2] 5V X^^y^^ 

2»ltlTV^^ 3#ffl£U:f::LTfcJ;<, N#» 

[0 0 3 3] S6tC**lfi0OT«. f^^^t^va 



[0 0 3 4] **SS«&iBffiT*Ci:{CJ:D, f>fX^ 
5 s -f X & * * ty v zl \z <k 0 \Z fig$ fl| T £ £ £ £ 
ftJi£i3:£> ->XxA#lL, Xte^&<7>@ 

[0 0 3 5] 

Lx&m-rz z. t.&xgz* 

20 [01] &m&ttZ$>HZ> y^fA«S 
[0 2] «*«©^X^A««H 
[0 3] ffi*W©5/XfA*l:iffl$n7c> wmflsufc 

[«F^O^] 

10 1, 3 0 l-^^S&g 

102 — 1 0 9, 3 0 2-3 0 9-5 : t^ 

110, 3 1 0»-5rV X^fflflSM 

111, 120, 3 1 1, 3 2 0-^t^Myf 

1 2 8-;tyTU-/ty^7y^nTW8^t'J 
30 (NVS) 

112 — 119, 124—127, 312 — 319, 3 

2 5 — 3 2 8— ^r-r^oyniru/-tf 

1 2 9, 3 2 9, 3 3 0-?-f ^*t^>a 

3 3 1, 3 3 2-;tyfU- 

1 3 1,3 3 4-I^X^g@ 

2 0 1, 2 0 2H>T7^XY-* 
2 0 3 — 2 0 6-h77^±Of-^ 

12 1-12 3, 321-324-tS** 



[03] 



201 

/ 



T-?A 



203 
■X. 



204. 20S 206 Z°l 



—120— 



4^^5- 1 8 9 3 1 4 



[01] 



301 









* «& K £ 








A 


5 

— ? 1 


c 


D 


E 


F 




H 




/ 302 


30$ 


304 


3^ 


* V 
306 \ 


307 


3^ * 


JO? 


3/0 
i 



3/1 



A 


B 


C 


D 


E 


F 




H 













—2 


320 




A' 


5' 


c' 




E 


F 


ft' 


H' 






—121— 



(6) 



5-189314 



[02] 







t 


* Jfc 51 £ 






A 


B 


c 

h 


£> 

^— 1 


E 


F 

* ■ — 1 


it 


H 



/t>4 



/*7 



1*9 



no 



A 


B 


C 


& 


E 


F 


& 


H 





f*2 


//3 











UX 



I 



.us 



M 
P 

1 

X 



M 






1 


P 




P 


2 




2 











h J 

121 












NV S 



12% 



A 


B 


C 


€ 


E 


F 




H 







tf6 



M 




M 




M 


P 




P 




P 


I 




1 




1 



X 



/22 /23 



131 



126 



r 



i 



(72)3891* (72)^^ Jf|D 



—122— 



